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Purpose: To explore the regulatory effect of HMGB1 upon hypoxia-induced mitochondrial
biogenesis in pancreatic cancer PANC1/CFPACI cells.

Methods: After a down-regulation of HMGBI1 expression by lentivirus-mediated RNAI, the
effect of knocking down HMGBI1 on hypoxia-induced mitochondrial biogenesis was exam-
ined. NRF-1/TFAM expression, mtDNA copy number, ATP content and mitochondrial
number/morphology in hypoxia-treated pancreatic cancer cells were detected by quantitative
reverse transcription-polymerase chain reaction (QRT-PCR), Western blot, mtDNA and ATP
assay kits and electron microscopy, respectively. Cell proliferation was measured by MTS
assay. And protein and acetylation levels of PGC-1a and SIRT1 activity were detected by
Western blot, immunoprecipitation (IP) and SIRT1 activity kit.

Results: Hypoxia enhanced the expressions of NRF-1/TFAM, boosted mtDNA copy
number and ATP content and increased the number of mitochondria in pancreatic cancer
cells while induction was suppressed by a knockdown of HMGBI. Knocking down
HMGBI1 expression lowered hypoxia-induced PGC-10/SIRT1 expression and activity,
phosphorylation of AMPK. PGC-1a over-expression by a plasmid transfection failed to
boost mtDNA copy number or ATP content in HMGB1-knockdown cells. A knockdown of
HMGBI attenuated hypoxia with AICAR (an AMPK activator)-induced expression of
NRF-1, TFAM, PGC-1a, SIRT1 and the proteins of complexes [ & III and reduced the
acetylation level of PGC-1a/SIRT1 activity. Additionally, SRT1720 (a SIRT1 activator)-
induced elevation in SIRT1 activity boosted hypoxia-induced PGC-1a deacetylation,
except in HMGB1-knockdown cells.

Conclusion: As a novel regulator of mitochondrial biogenesis via AMPK/SIRT1 pathway
under hypoxia, HMGB1 may become a potential drug target for therapeutic interventions in
pancreatic cancer.

Keywords: HMGBI1, mitochondrial biogenesis, PGC-10, AMPK/SIRT1 pathway, pancreatic

cancer

Introduction

Pancreatic cancer has been known as a highly lethal gastrointestinal tumor with
a 5-year survival rate of <5%."' Nutritional deficiencies and cellular hypoxia result
in their pathological manifestations of diffuse vascularized interstitial hyperplasia.’
A microenvironment characterized by hypoxic stress is a common feature of rapidly
growing tumors. Tumor microenvironment has been gradually recognized as a key
contributor to cancer progression and drug resistance.’ In tumor microenvironment,
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proliferative signaling induces angiogenesis, genomic
instability and mutations so as to enable invasion, metas-
tasis, resistance to apoptosis, escape from immune super-
vision and energy generation.®> An adequate energy supply
is indispensable for cancer cells to proliferate, infiltrate
and metastasize. Changes in mitochondrial energy meta-
bolism determine the biological and clinical manifestations
of cancer.* Targeting mitochondrial energy metabolism has
recently been attempted as a potential focus of cancer
treatment. However, the role of mitochondrial energy
metabolism in the proliferation and survival of pancreatic
cancer cells and potential mechanisms has remained
elusive.

As a predominant cellular site of energy production, mito-
chondria are regulated by the interactions of nucleus and
mitochondrial genomes. Mitochondrial dysfunction and gene
mutations have been implicated in shifting from a homeostasis
of cellular metabolism to a state favoring tumor
proliferation.>® Mitochondrial dysfunctions lead to excessive
production of reactive oxygen species (ROS) promoting
a rapid growth of pancreatic cancer cells.” Loss of electron
transport elements, energy-related dysfunctions and impaired
protein synthesis due to mitochondrial abnormalities are
also closely correlated with pancreatic carcinogenesis.®
Mitochondrial biogenesis is regulated by a diverse set of
transcription factors and coactivators.” PGC-1o has been iden-
tified as a key factor of associating external stimuli with
modifications during mitochondrial biogenesis.'® The nuclear
mitochondrial transcription factor gene (TFAM) is the first
critical transcription factor of mitochondrial DNA (mtDNA)
copy number and transcription. PGC-1la activates nuclear
respiratory factor (NRF-1) and then up-regulates TFAM
expression.'! All of these coactivator and transcription factors
may transactivate various genes involved in mitochondrial
functions such as oxidative phosphorylation, protein import
and heme biosynthesis.'

High-mobility group box-1 (HMGB1), a DNA-binding
protein, functions as a co-factor for proper transcriptional
regulation in somatic cells.'® It is also translocated into
cytosol and extracellular space by such multiple cellular
stressors as protein aggregate, radiation, oxidation, che-
motherapy & intracellular pathogen.'* During carcinogen-
esis and cancer therapy, HMGBI is closely correlated with
invasion, metastasis and drug resistance by regulating
various signaling pathways of immunity, metabolism,
genomic stability, apoptosis and autophagy.'* It was
reported that endogenous HMGBI1 protein expression in
pancreatic tumors was lower than that in adjacent normal

pancreatic tissue. In pancreatic cancer patients, a lower
expression of HMGB1 was closely associated with worse
survival.'”” As a key regulator of mitochondrial function,
HMGBI1 maintains normal cellular functions and mito-
chondrial morphology. Tumors lacking HMGBI1 had
a markedly lower mitochondrial biogenesis and more
mitochondrial dysfunctions.'® HMGBI1 regulating heat
shock protein beta-1 (HSPBI1) expression provides
a defense against mitochondrial abnormalities by sustain-
ing OXPHOS in pancreatic cancer cells.'” Although the
above studies helped us elucidate the role of HMGBI in
regulating mitochondrial energy metabolism in pancreatic
cancer cells, the mechanism of this regulation in hypoxi-
cally stressful microenvironment is largely unclear.

Here mitochondrial biogenesis was examined in hypoxia-
treated pancreatic cancer cell lines, HMGBI1 involvement in
mitochondrial biogenesis, the influence of HMGB1 on PGC-
lo protein and acetylation levels and the relationship of
HMGB1 and AMPK/SIRT1 pathway was also considered.
The overall objective was to gain more insights into the
regulatory function of HMGB 1-mediated mitochondrial bio-
genesis during the survival of pancreatic cancer cells.

Materials and Methods
Reagents and Cell Culture

Aminoimidazole-4-carboxamide-1- B-D- ribofuranoside
(AICAR) was supplied by Sigma Chemical Inc (St
MO, USA); SRT1720 Tocris
(Bristol, UK); pancreatic cancer cell lines PANCI,
CFPAC1, BXPC-3 and AsPC-1 American Type
Culture Collection (Manassas, VA, USA); human bron-
chial epithelial cell HBE, acute myeloid leukemic cell

Louis, Bioscience

HL-60 and chronic myelogenous leukemic cell K562
Xiangya School of Medicine Type Culture Collection
(Changsha, China). HL-60 and K562 cells were cul-
tured in RPMI-1640 medium (Invitrogen, San Diego,
CA) and PANCI1, CFPACI1, BXPC-3 and AsPC-1 cells
in Dulbecco’s modified Eagle’s medium (DMEM;
Hyclone, Thermo Fisher Scientific, Waltham, MA,
USA) supplemented with 10% heat-inactivated fetal
bovine serum (FBS; Thermo Fisher Scientific Inc,
Waltham, MA) and 1% antibiotics (100 U/mL penicil-
lin G

& 100 mg/mL streptomycin) at 37°C in a cell incubator
with 5% CO, (Thermo Fisher Scientific Inc, USA). Here
PANCI1 and CFPACI cells were divided into a normoxia
group (a culture box containing 5%CQO,) and a hypoxia
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group (a culture box containing 1%0, +5%CO, + 94%
Ny).

Lentivirus and Plasmid Transfection

Following the procedures of our previous study,'® HMGBI
hairpin  RNA (shRNA) knockdown
(GeneCopoeia, Guangzhou, China) or shRNA nonsilencing

small lentiviral
control was packaged with HIV-based packaging mix
(GeneCopoeia) for infecting PANC1 and CFPACI cells and
thus establishing cells constitutively suppressing HMGBI.
Stable clones were selected by puromycin. The following
HMGBI1 shRNA oligonucleotide sequences were employed:
HMGBI1 shRNA: 5 -CCGGGCAGATGACAAGCAGC
CTTATCTCGAGATAAGGCTGCTTGTCATCTGCTTTTT-
3'. Nonsilencing shRNA (control shRNA) as mock-transfected
control (target sequence: TTCTCCGAACGTGTCACGT).
A lentivirus-PGC-1a vector system (Ubi-MCS-3FLAG-
SV40-EGFP-IRES-puromycin) was supplied by GeneChem
(Shanghai, China) for infecting PANC1/CFPACI cells for up-
regulating HMGBI.

Quantitative Real-Time PCR (qRT-PCR)
Sample RNAs were extracted by Trizol (Invitrogen, USA)
and cDNA synthesis via PrimeScript™ RT master mix
(TaKaRa, Beijing, China). B-actin as a housekeeping gene
for standardizing the expression of related genes. B-actin
forward: 5'-TCGTGCGTGACATTAAAGAG-3', P-actin
reverse: 5-ATTGCCGATAGTGATGACCT-3". The primer
sequences of related genes in this study are as follows:
NRF-1 forward (5-TGTCACCATGGCCCTTAACAGTGA
-3") and NRF-1 reverse (5-TGAACTCCATCTGGGCCA
TTAGCA-3"), TFAM forward (5'-AAATGGCTGAAGTTG
GGCGAAGTG-3") and TFAM reverse (5'-AGCTTCTTGT
GCCCAATCCCAATG-3'). Amplification was done by
Opticon continuous fluorescence detection system (MJ
Research Inc., Waltham, MA, USA). A total of 40 cycles
were set up (denaturation for 15 s at 95°C and annealing for
30 s at 60°C). Fluorescent signal accumulation monitors the
entire PCR process in real time and finally quantifies the
unknown template by a standard curve.

Antibodies and Western Blot

Antibodies for PGC-1a (#4207), p-AMPKaT172 (#50081),
AMPKao (#5832), NRF-1 (#46743), sirtuin] (SIRT1) (#2496)
and acetylated lysine (#MA1-2021) were supplied by Cell
Signaling Technology (Beverly, MA, USA); antibodies for
TFAM (#ab131607), OXPHOS complexes I - V (#ab110413)
and P-actin (#ab3280) Abcam (Cambridge, MA, USA);

antibodies against HMGBI1 (#H00003146-M08) Novus
(Littleton, CO, USA).

Treated cells were harvested, centrifuged and rinsed with
PBS. After a treatment of lysis buffer (Beyotime, Beijing,
China), the supernatant was harvested and stored on ice. The
supernatant was centrifuged at 14,000 x g for 30 min at 4°C.
Whole-cell lysate was separated by SDS polyacrylamide gel
electrophoresis (SDS-PAGE) and electrophoretically trans-
ferred onto a polyvinylidene fluoride (PVDF) blotting mem-
brane (Beyotime, Beijing, China). After 5% skim milk
closure, the protein was detected by incubating with 4°C
primary antibody overnight and secondary antibody for 1
h at room temperature. Immunoreactivity was determined
and observed by enhanced chemiluminescent reagents
(Pierce, Waltham, MA). Protein expression was quantified
by Band Scan 5.0 system.

Cell Proliferation Assay

Fivex 10°/well cells were inoculated into 24-well cell culture
plates and incubated overnight in complete medium contain-
ing 0%, 10%, 20% and 40% propolis. After differential
treatments, cell proliferation was measured by CellTiter96"
aqueous nonradioactive (MTS) assay (Promega, Madison,
WI) at 12/48/72 h. After an addition of detection reagent,
cells were incubated at 37°C and 5% CO, for 3 h.
Absorbance was assayed at 490 nm by a spectrophotometer
(BioTek, VT, USA). The cell-free wells containing the same
media were used as blank controls.

Transmission Electron Microscopy

Based on the previously described methods,'® treated cells
were collected and rinsed with precooled PBS. The sam-
ples were fixed for 3 h with 2.5% glutaraldehyde and 2%
paraformaldehyde and 1.5 h with 1% osmium tetroxide.
After dehydration and embedding, ultrathin sections were
double-stained with 3% uranyl acetate and lead nitrate and
later observed under a transmission electron microscope of
H7500 (Hitachi, Tokyo, Japan).

Measurement of Intracellular ATP Levels
According to the instructions of luminescent ATP kit
(Beyotime Biotechnology), first detection buffer was
mixed with the substrate at room temperature. Then,
100 pL of the mixture was loaded into the cell culture
plate and incubated for 15 min at room temperature.
Finally, luminescent

intensity was assayed by

a microplate reader (Beckman Coulter Inc, Miami,
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USA). The incremental yield of ATP was expressed as

a percentage of the control group.

Measurement of mtDNA Copy Number
According to the instructions of universal genome DNA
kit (Zoman Biotech, Beijing, China), genomic DNA was
isolated by a lysis buffer system and then purified by
elution and adsorption. Finally, the sample was amplified
by qRT-PCR using target gene primer of mitochondrial
DNA and nuclear gene control primer. And the value of
mtDNA copy number was shown as a relative number of
Cyt B to genome B-actin.*”

Immunoprecipitation (IP)

IP lysis buffer (Millipore, Billerica, MA, USA) containing
protease inhibitor was added into harvested cells for lysis at
4°C for 30 min. After centrifugation at 12,000 g for 30 min,
the supernatant was harvested and its protein concentration
determined by the method of bicinchoninic acid (BCA). 1 ug
anti-PGC-1a antibody and protein A/G beads were added
into protein samples and incubated overnight at 4°C with
gentle vortexing. After immunoprecipitation, protein A/G
beads were centrifuged as pellet at 3000 g at 4°C and rinsed
3—4 times with 1 mL lysate. Finally, 5XSDS loading buffer
was added into protein A/G beads and boiling water for 10
min for protein elution prior to SDS-PAGE electrophoresis.
Protein was probed with anti-acetyl lysine antibody and
visualized by Western blot.

SIRT| Deacetylase Activity Assay

A commercial assay kit of Sigma Inc (St. Louis, MO,
USA) was utilized. Collected cells were re-suspended
in a lysate, centrifuged at 1300 x g for 10 min at 4°C
and supernatant was removed. The nuclei were rinsed,
sonicated for 30 s and placed on ice for later usage.
After 10-min centrifugation at 20,000 x g, the super-
natant was harvested and stored at —80°C or immedi-
ately utilized. Assay working buffer was added into 20
ul sample and agitated thoroughly to ensure sufficient
reaction at room temperature. Fluorescent intensity was
measured by a Full-Wavelength Microplate Reader at
an emission wavelength of 460 nm and an excitation
wavelength of 355 nm (measured every 2 min for 60
min). The activity of SIRT1 was expressed as protein
concentration integrated by the change rate of fluores-
cent intensity.

Statistical Analysis

Data were analyzed using GraphPad Prism 6.0 software (San
Diego, CA, USA). Quantitative variables were expressed as
mean SD, and analyzed by Student’s t-test and one-way
ANOVA. Experimental results are independently repeated 3
times and P<0.05 was considered statistically significant.

Results
Hypoxia-Induced Mitochondrial
Biogenesis in PANCI/CFPACI Cells

To determine whether hypoxia-induced mitochondrial biogen-
esis in pancreatic cancer cells, the cells were subjected to
hypoxia for 3—72 h and NRF-1/TFAM expression was assayed
by Western blot. As compared with the normoxia group,
NRF-1/TFAM protein expression peaked at 12/24 h after
hypoxic treatment (Figure 1A and S1A). Moreover, marked
elevations of mtDNA and ATP levels occurred at 12/24 h but
not at other timepoints (Figure 1B and C, Figure S1B and C).
And ultrastructural analysis provided more supporting evidence
of mitochondrial biogenesis. Hypoxia-treated cells had
a significantly higher mitochondrial number than that of the
normoxia group at 12/24 h (Figure 1D and S1D). In contrast, at
72 h, there was lower mitochondrial number; reduced matrix
density; disorganized mitochondrial cristae and small swollen
and irregular mitochondria (Figure 1D and S1D). Thus, 24
h hypoxic treatment was utilized for subsequent experiments.
It suggested that hypoxic treatment induced mitochondrial bio-
genesis in a time-dependent manner in pancreatic cancer cells.

A Depletion of HMGBI Suppressed
Hypoxia-Induced Mitochondrial
Biogenesis

Firstly the level of HMGBI expression was determined by
Western blot in different cell lines. Our previous studies have
shown that HMGB1 was over-expressed in K562/HL-60
cells whereas it was noticeably lower in HBE cells.?'
Similar to leukemia (HL-60 & K562) cells, HMGBI expres-
sion was also elevated in all four pancreatic cancer cell lines
(Figure S2A). Hypoxic environment of solid tumors induced
the translocation of HMGB1 from the nucleus of tumor cells
to cytoplasm.”> For further evaluating the relationship
between HMGBI1 expression and hypoxia, nuclear/cytosolic-
HMGBI1 expressions were detected by Western blot. Hypoxia
lowered nuclear - HMGB1 expression and enhanced cytoso-
liccHMGB1 expression in a time-dependently manner,

respectively (Figure S2B).
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Figure | Hypoxia-induced mitochondrial biogenesis in PANCI cells. (A) PANCI cells were subjected to hypoxia for 3/6/12/24/48/72 h and NRF-1/TFAM protein levels
measured by Western blot (n=3, *P<0.05 vs normoxia group; "P>0.05 vs normoxia group). (B) PANCI cells were subjected to hypoxia for 3/6/12/24/48/72 h and
quantitative analysis of mtDNA copy number was performed. (n=3, *P<0.05 vs normoxia group; “P>0.05 vs normoxia group). (C) PANCI cells were subjected to hypoxia
for 3/6/12/24/48/72 h and ATP content was detected by ATP assay kit (n=3, *P<0.05 vs normoxia group; “P>0.05 vs normoxia group). (D) PANCI cells were subjected to
hypoxia for 12/24/72 h and the number of mitochondria and mitochondrial morphology was observed under electron microscopy. Red arrows: mitochondria with normal
morphology; yellow arrows: mitochondria with abnormal morphology. (n=3, *P<0.05 vs normoxia group; “P>0.05 vs normoxia group).

For elucidating the effect of HMGBI1 on the viability of
hypoxia-treated pancreatic cancer cells, an MTS assay was
performed. Without a control or HMGB1 shRNA transfec-
tion, the proliferative capacity of hypoxia-treated cells was
lower than that of cells under normoxia (Figure 2A and S3A).
In addition, a depletion of HMGBI1 expression significantly
lowered the proliferative capacity of hypoxia-treated cells
compared with those of control shRNA group (Figure 2A,
Figure S3A). It suggested that knocking down HMGBI1
expression suppressed the proliferation of PANC1/CFPACI1
cell under hypoxia. For further determining whether or not
HMGBI1 impacted mitochondrial biogenesis, PANCI1/
CFPACI cells were subjected to 24 h hypoxia and NRF-1/
TFAM expression was assayed by Western blot and qRT-
PCR. A depletion of HMGBI expression significantly low-
ered the levels of NRF-1/TFAM protein and mRNA (Figure
2B-E, Figure S3B-E). It suggested that HMGBI1 contributed
to the expressions of mitochondrial biogenesis-related tran-
scription factors.

Ultrastructural analysis provided more supporting evi-
dence of HMGBI1-regulated mitochondrial biogenesis. As
compared with the control shRNA group, PANCIL/

CFPACI cells transfected with HMGB1 shRNA after 24
h hypoxia exhibited lower mitochondrial numbers; disor-
ganized mitochondrial cristae and swollen & irregular
(Figure 2F, Figure S3F).
a depletion of HMGBI expression by target-specific
shRNA significantly lowered mtDNA and ATP levels in
hypoxia-treated cells as compared with the control sShRNA

morphologies Moreover,

group (Figure 2G and H, Figure S3G and H). It suggested
that HMGB1 was sufficient for sustaining the biogenesis
and mitochondrial function in pancreatic cancer cells.

Requirement of HMGBI for PGC-la-

Regulated Mitochondrial Biogenesis

PGC-1a played a vital role in the regulation of mitochondrial
biogenesis.'® However, the function of PGC-1a in response
to HMGB 1-mediated mitochondrial biogenesis has remained
unknown. A depletion of HMGB1 expression significantly
suppressed hypoxia-induced up-regulation of PGC-la as
compared with the control shRNA group (Figure 3A and
S4A). Deacetylation by SIRT1 maintained the active form
of PGC-la for binding to chromatin and promoting the

23

transcription of target genes. Hypoxic treatment
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Figure 2 A depletion of HMGBI suppressed hypoxia-induced mitochondrial biogenesis in PANCI cells. (A) PANCI cells were transfected with HMGBI| shRNA and control
shRNA and then treated with hypoxia for 24 h. Cell proliferation was analyzed by MTS assay. (n=3, *P<0.05 & #P<0.05). (B and C) PANCI cells were transfected with
HMGBI shRNA and control shRNA and then subjected to 24 h hypoxia. NRF-1 protein and mRNA levels were measured by Western blot and qRT-PCR. (n=3, *P<0.05 &
#P<0.05). (D and E) PANCI cells were transfected with HMGBI shRNA and control shRNA and then subjected to 24 h hypoxia. TFAM protein and mRNA levels were
measured by Western blot and qRT-PCR. (n=3, *P<0.05 & #P<0.05). (F) PANCI cells were transfected with HMGBI shRNA and control shRNA and then subjected to 24
h hypoxia. The number of mitochondria and mitochondrial morphology was observed under electron microscopy. Red arrows: mitochondria with normal morphology;
yellow arrows: mitochondria with abnormal morphology. (n=3, *P<0.05). (G and H) PANCI cells were transfected with HMGBI shRNA and control shRNA and then
subjected to 24 h hypoxia. mtDNA copy number and ATP content were determined by mtDNA and ATP assay kits (n=3, *P<0.05 & #P<0.05).

significantly lowered PGC-1a acetylation level and thereby
enhanced PGC-la activity in the control shRNA group
(Figure 3B and S4B). Knocking down HMGB1 expression
reversed the decline of PGC-1a acetylation level in hypoxia-
treated cells (Figure 3B and S4B). It suggested that HMGB1
may be a critical regulator of PGC-1a acetylation. For further
exploring whether or not PGC-1a is necessary for HMGBI1-
regulated mitochondrial biogenesis, a PGC-1a plasmid was
transfected into PANC1/CFPACI cells for up-regulating the
expression of endogenous PGC-la. And PGC-la protein
became markedly up-regulated in cells with transfected
PGC-1a plasmid as compared with counterparts transfected
with a control vector (Figure 3C and S4C). A pretreatment of
pancreatic cancer cells with PGC-1a plasmid by gene trans-
fection and 24 h hypoxic treatment significantly boosted
mtDNA copy number and ATP content in the control
shRNA group (Figure 3C and D, Figure S4C and D). In
contrast, PGC-la  over-expression increased neither
mtDNA copy number nor ATP content in HMGBI-
knockdown cells (Figure 3C and D, Figure S4C and D). It
suggested that HMGB1 was required for PGC-1a-regulated

mitochondrial biogenesis.

Involvement of HMGBI in the Regulation of
AMPK-Mediated Mitochondrial Biogenesis

Functioning as a metabolic checkpoint, AMPK is normally
activated by a high AMP/ATP ratio so that it maintains
energy homeostasis.>* Activated AMPK is involved in the
regulation of mitochondrial biogenesis.>> A role was also
detected for AMPK in HMGB1-mediated mitochondrial bio-
genesis. AMPKo phosphorylation (p-AMPKa) was
enhanced by 24 h hypoxic treatment in the control shRNA
group. A depletion of HMGBI expression significantly low-
ered the p-AMPKa level as compared with the control
shRNA group (Figure 4A and S5A). Moreover, PANC1/
CFPACI1 cells were pretreated for 2 h with AICAR (an
AMPK activator) (0.5 mM) and then incubated for 24
h under hypoxia. Under hypoxic conditions, AICAR treat-
ment significantly enhanced NRF-1/TFAM expression in the
control shRNA group but not in the HMGBI1-knockdown
group (Figure 4B and C, Figure S5B and C). Mitochondrial
OXPHOS system might generate cellular energy predomi-
nantly in the form of ATP.?® For further characterizing the
role of hypoxia in regulating mitochondrial OXPHOS pro-
teins, PANC1/CFPACI cells were subjected to 24 h hypoxia.
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Complexes [/III protein levels became markedly up-
regulated whereas those of complexes II/IV/V showed no
obvious change (Figure 4D and S5D). Furthermore, hypoxia
with AICAR treatment could markedly boosted com-
plexes I /Il protein levels in the control shRNA group,
while there was almost a total suppression in the HMGBI1-
knockdown group (Figure 4E and SSE). These results sug-
gested that HMGBI1 was involved in AMPK-mediated mito-

chondrial biogenesis in pancreatic cancer cells.

Involvement of HMGBI in the Regulation
of AMPK-Mediated PGC-1a Expression

and Activity
To explore whether AMPK mediated the expression of
PGC-1a by HMGBI, PANCI/CFPACI

cells were

pretreated with AICAR (0.5 mM) for 2 h and then
incubated under 24 h hypoxia. The hypoxia-induced
PGC-1a expression was enhanced by AICAR in the con-
trol shRNA group (Figure 5A). After transfection of
HMGB1 shRNA,
AICAR-induced PGC-la level as compared with the
control shRNA group (Figure 5A). Furthermore, hypoxia
with AICAR treatment significantly lowered the acetyla-

there was an obvious decline of

tion level of PGC-1a in the control group (Figure 5B).
Knocking down HMGBI
decline of PGC-1la acetylation level after hypoxia with
AICAR treatment as compared with the control shRNA
group (Figure 5B). It hinted at an important role of
HMGBI1 in AMPK-regulated PGC-la expression and

activity.

expression suppressed the
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Figure 4 Involvement of HMGBI in the regulation of AMPK-mediated mitochondrial biogenesis in PANCI cells. (A) PANCI cells were transfected with HMGBI| shRNA
and control shRNA and then subjected to 24 h hypoxia. p-AMPKa and AMPKa. protein levels were measured by Western blot (n=3, *P<0.05 & #P<0.05). (B and C) HMGBI
shRNA and control shRNA stably transfected PANCI cells were pretreated with 0.5 mM AICAR for 2 h and then subjected to 24 h hypoxia. The expressions of NRF-1 and
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and TIT (UQCRC?2) were measured by Western blot (n=3, *P<0.05 & #P<0.05).

HMGB I -Regulated PGC-la

Deacetylation Through SIRT |

For further characterizing the role of SIRT1 in HMGBI-
mediated activation of PGC-la, SIRT1 expression was
detected by Western blot. SIRT1 expression was up-regulated
by 24 h hypoxic treatment in the control shRNA group
(Figure 6A and S6A). A depletion of HMGBI expression
markedly lowered the SIRT1 level as compared with control
shRNA groups (Figure 6A and S6A). Moreover, PANC1/
CFPACI cells were pretreated for 1 h with SRT1720 (10
puM), an SIRT1 activator and then subjected to 24 h hypoxia.
Hypoxia with SRT1720 treatment markedly lowered the acet-
ylation level of PGC-1a in control shRNA groups (Figure 6B
and S6B). Knocking down HMGBI expression suppressed the
decline of PGC-la acetylation level under hypoxia and
SRT1720 treatment as compared with the control shRNA
group (Figure 6B and S6B). It hinted at the involvement
of HMGBI in SIRT1-mediated PGC-la deacetylation.
Furthermore, hypoxia-induced SIRT1 expression and activity
were enhanced by AICAR treatment in the control shRNA

group (Figure 6C and D, Figure S6C and D). After transfection
of HMGBI1 shRNA, the SIRT1 level and activity declined
obviously as compared with the control shRNA group
(Figure 6C and D, Figure S6C and D). These data suggested
that HMGBI1-regulated PGC-1a. deacetylation through the
AMPK-SIRT1 pathway.

Discussion

Here HMGBI-regulated hypoxia-induced mitochondrial
biogenesis directly by affecting the expression and activity
of PGC-1a in PANC1/CFPACI cells. HMGBI is vital for
AMPK/SIRT1-mediated PGC-la modulation and mito-
chondrial biogenesis under hypoxia. It suggested that
HMGBI might play an important role in the regulation
of mitochondrial homeostasis by AMPK/SIRT! pathway
under hypoxic conditions in pancreatic cancer.

Closely correlated with apoptosis, autophagy and aging of
cells, mitochondrial energy metabolism plays an important role
in the development of disease and subsequent treatment.”’ It
was reported that an ablation of K-Ras caused the demise of
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Figure 5 Involvement of HMGBI in the regulation of AMPK-mediated PGC-|a expression and activity. (A) HMGBI shRNA and control shRNA stably transfected PANCI/
CFPACI cells were pretreated with 0.5 mM AICAR for 2 h and then subjected to 24 h hypoxia. The PGC-la protein level was measured by Western blot (n=3, *P<0.05 &
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The acetylation level of PGC-1a was measured by IP and Western blot (n=3, *P<0.05 & #P<0.05).

a large majority of malignant cells. Few surviving cells
engaged in a high level of mitochondrial respiration and there
were other characteristics of tumor initiation.?® Thus, cancer
initiation/progression might be driven by or be dependent upon
mitochondrial function. Targeting mitochondria and suppres-
sing mitochondrial biogenesis are expected to be an effective
therapeutic strategy for pancreatic cancer. Hypoxically stress-
ful microenvironment is a feature of rapidly growing tumors
inducing mitochondrial metabolic reprogramming and thereby
promoting cancer survival.® Here hypoxia could markedly
boost the expression levels of NFR1, TFAM, mtDNA and
ATP and mitochondria numbers in pancreatic cancer cells. It
suggested that hypoxic treatment induced mitochondrial bio-
genesis and energy production in pancreatic cancer cells at the
proper time to ensure their survival.

As an evolutionarily conserved chromatin-associated
protein, HMGB1 maintains nuclear homeostasis and func-
tions as a critical regulator of mitochondrial function and
morphology.'” HMGBI acts an important role during carci-

212930 and  mitochondrial

nogenesis and cancer therapy,
abnormalities are often predominant.>'** Endogenous
HMGBI1 protein decreased and it was highly correlated
with poor survival in pancreatic cancer patients.'> HMGBI
regulating heat shock protein beta-1 (HSPB1) expression
serves as a defense against mitochondrial abnormalities,
sustaining OXPHOS in pancreatic cancer cells.'” However,
HMGBI expression and function in regulating mitochondrial
biogenesis in hypoxically stressful microenvironment of pan-
creatic cancer have been poorly elucidated. Here HMGBI1

was required for hypoxia-induced mitochondrial biogenesis
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in pancreatic cancer cells. Knocking down HMGBI1 expres-  maintaining cell growth and survival.** In pancreatic cancer
sion lowered cell proliferation under hypoxic conditions. stem cells, highly expressed PGC-1a was vital for maintaining
Additionally, knocking down HMGBI expression reduced  mitochondrial respiration.*> Overexpressed PGC-1a enabled
the NFRI/TFAM mRNA and protein levels, number of pancreatic cancer stem cells more sensitive than differentiated
mitochondria, mtDNA copy number and ATP content. counterparts to metformin.>> Additionally, PGC-la is nor-
These observations provided rationales for developing mally regulated by acetylation at the posttranslational level.
novel therapies for modulating mitochondrial energy meta- Here HMGBI not only up-regulated the protein expression of
bolism in pancreatic cancer. PGC-1a but also lowered the acetylation level of PGC-10.. Up-

Accumulating evidence has confirmed the involvement of ~ regulating PGC-1a expression in pancreatic cells by gene
PGC-10a in the regulation of cancer energy metabolism. PGC-  transfection significantly boosted mtDNA and ATP levels
lo is expressed abundantly in different cancers, including under hypoxia. In contrast, knocking down HMGBI1 expres-
pancreatic cancer, melanoma, breast cancer, prostate cancer  sion obviously suppressed PGC-1a-induced increases as com-
and hepatocarcinoma.* In melanoma cells, activation of PGC-  pared with the control sShRNA group. Together, these findings
la could enhance mitochondrial energy metabolism and ROS  hinted at a role for HMGBI1 in PGC-1a-regulated mitochon-
detoxification capacities and reprogram cell metabolism for  drial biogenesis in pancreatic cancer cells.
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As a fuel sensor, AMPK plays important roles in regulat-
ing mitochondrial biogenesis and function in almost all cells
under both physiological and pathological circumstances.”
Up-regulating or activating AMPK by AICAR treatment
boosted the levels of mitochondrial biogenesis-related proteins
and oxidative phosphorylation.*® AMPK could up-regulate
SIRT1 and induce deacetylation of PGC-la. AMPK-
activated PGC-1a has attracted much attention in the regula-
tion of mitochondrial biogenesis.”” Here a depletion of
HMGBI1 expression significantly suppressed hypoxia-
induced phosphorylation of AMPK. Activating AMPK by
AICAR treatment enhanced the hypoxia-induced expressions
of NRF-1, TFAM, PGC-1a and proteins of complexes I /III
and attenuated the acetylation level of PGC-1la, except in
HMGBI-depleted cells. It suggested that HMGB1 was
involved in AMPK-mediated mitochondrial biogenesis and
related protein expressions in pancreatic cancer cells.

As a member of classlII histone deacetylase family of
enzymes, SIRT1 plays some important functions in such
a large variety of biological processes as inflammation, mito-
chondrial biogenesis, stress resistance and apoptosis.*® SIRT1
interacting with PGC-1a plays an important role during carci-
nogenesis. And a SIRT1/PGC-la-dependent increase in
OXPHOS and mitochondrial biogenesis promoted chemore-
sistance of colon cancer cell.”* Moreover, activating AMPK
up-regulates SIRT1 expression and activity while suppressing
AMPK markedly lowers the resveratrol-mediated SIRT1
level.*® It was reported that adiponectin up-regulated SIRTI1
levels and mitochondrial gene expression for suppressing
apoptosis through AMPK/SIRT1/PGC-1la pathway.*' Our
study showed that hypoxia significantly up-regulated SIRT1
level and was suppressed by a depletion of HMGBI.
SRT1720-induced elevation of SIRT1 activity boosted
hypoxia-induced PGC-1a deacetylation, except in HMGBI1-
knockdown cells. It suggested that HMGBI1 regulated the
deacetylation of PGC-1a through SIRT1. Furthermore, an
AMPK activator up-regulating SIRT1 expression and activity
was also suppressed in HMGB1-knockdown cells. It hinted
that HMGBI1 was a critical regulator of SIRT1 expression and
activity via the AMPK pathway.

Conclusions

HMGBI functions as a positive regulator of mitochondrial
biogenesis through the AMPK/PGC-1la pathway in pan-
creatic cancer cells. In hypoxia-treated cells, HMGBI-
mediated mitochondrial biogenesis regulates NFR1/
TFAM expression, mtDNA and ATP levels and PGC-10/
SIRT1 expression and activity. The above findings add

novel insights into the role of HMGB1 during mitochon-
drial
HMGBI as a potential therapeutic agent for mitochondrial

biogenesis. It provides rationales for utilizing

dysfunction.
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